characteristic (ROC) curve analysis for MESH (0.805) was insufficiently high.
Leukocytosis with neutrophilia and increasing bands in the peripheral blood (indicating a left shift in differentiation) are classic hallmarks of infection, but their diagnostic accuracy varies, so better markers are being sought, including C-reactive protein (CRP) and procalcitonin. [5] [6] [7] [8] The quantification of immature granulocytes in the white blood cell (WBC) count differential is routinely carried out by visual microscopy; however, recent studies have demonstrated that automated hematologic analyzer counts can accurately determine the immature granulocyte percentage (IG%). 6 An elevated IG% implies the enhancement of bone marrow activity to fight sources of infections before leukocytosis is occurred. 6, 9 It has been found to be a good indicator of bloodstream infection and neonatal sepsis. Although early phase of acute appendicitis cannot induce systemic inflammatory responses, it may induce proliferation immature granulocyte before leukocytosis is occurred. Based on this, we hypothesized that IG% may be beneficial for detecting appendicitis, in addition to classic inflammatory markers including the WBC count, a left shift in neutrophils, and CRP, at no additional cost. 10 This study evaluated the diagnostic accuracy of IG% by comparing it to well-known inflammatory markers in patients with suspected acute appendicitis.
| MATERIAL S AND ME THODS
This was a retrospective analysis and was conducted at an academically affiliated community hospital ED in Seoul, South Korea, 
| RE SULTS
During the research period, 403 patients with clinical suspicion of acute appendicitis were enrolled. The mean age was 35 years (range: 26-49 years), and 171 cases (42.4%) were men. Of the 403 patients, 204 (50.6%) were assigned a final diagnosis of acute appendicitis and 45 (11%) had a diagnosis of complicated appendicitis defined including peri-appendiceal abscess, perforation, and intra-abdominal fecalith. 12 All patients except 1 take operations and most of patients those who were diagnosed acute appendicitis were transferred to local hospital for appendectomy after general surgery physician ran the test (87%) ( Figure 1 ). Patient demographics are listed in Table 1 . Patients with acute appendicitis were older than those with normal appendixes. Men had a higher rate of acute appendicitis than women. Pain migration, nausea, and vomiting were more common for acute appendicitis.
The result of CT which was normal appendix is listed in Table 2 , and nonspecific abdominal pain was most common followed by enterocolitis. All inflammatory markers, including WBC count, a left shift in neutrophils, CRP, and IG%, were significantly different between the 2 groups. However, with IG%, it was impossible to discriminate between acute appendicitis and other possibilities using laboratory values because IG% was only calculated to the first decimal place in routine data. IG% showed a poor correlation not only in acute appendicitis but also in complicated appendicitis, and only CRP levels were significantly different between the 2 groups (P < .001) (Table 3) .
Meanwhile, laboratory variables were put into an adjusted logistic regression model to predict the odds of acute appendicitis. Elevated WBC count (OR 5.0, 95% CI 3.2-7.7) and the proportion of neutrophils (OR 3.68, 95% CI 2.4-5.6) were significant indicators of acute appendicitis (Table 4) . Regarding sensitivity and specificity, elevated WBC count had the greatest sensitivity (77%); NPV (0.72), PLR (1.88), and the proportion of neutrophils had greater specificity (64%) than the other markers (Table 5 ). To analyze the diagnostic value of these markers, ROC curves were calculated. None of the parameters were able to effectively identify acute appendicitis. WBC count had the highest AUC (0.722, P < .01, 0.672-0.772), and CRP and IG% had the lowest (0.569, P < .016, 0.514-0.625) (Figure 2 ). CT, computed tomography a No specific diagnosis carried out by abdominal CT. b Fecal stasis, hemorrhagic ovarian cyst, endometriosis, renal infarction, right ovarian torsion, enteritis, benign bowl pneumatosis, Chron's disease, cystitis, epiploic appendagitis, gastric ulcer perforation, pancreatic artery aneurysm rupture, hydrosalpinx, internal herniation of small bowel, ovarian cyst rupture, iatrogenic urethral injury, small bowel obstruction, spontaneous intra-abdominal wall bleeding, thrombus in implanted kidney, torsion of myoma, uterine myoma.
| D ISCUSS I ON
We found that IG% provided no additional information about the presence of acute appendicitis. The sensitivity and specificity of elevated IG% (54% and 56%, respectively) were lower than the WBC count (77%, 59%) and the proportion of neutrophils (67%, 64%). In addition, the AUC for the ROC curves for IG% was lower than that of other inflammatory markers. This means that the use of IG% alone cannot distinguish between a normal and pathological appendix because appendicitis, one of local inflammations, cannot proliferate or differentiate IG. To the best of our knowledge, this is the first study to evaluate whether IG% can be used as a diagnostic marker of acute appendicitis among other conventional inflammatory markers.
Acute appendicitis is difficult to diagnosis clinically, because anatomical variation may induce pain elsewhere than the classic right lower quadrant of the abdomen, and vague abdominal discomfort is the only symptom in the early stages of inflammation.
For these reasons, it would be useful to identify biomarkers that will help to confirm or rule out acute appendicitis. 
TA B L E 5 Performance of clinical features and inflammatory markers

F I G U R E 2 Receiver operating characteristic (ROC) curve analysis for IG% and other inflammatory markers
Sofie et al reported that CRP and WBC count do not help clinical decision-making for those who suspected acute appendicitis. They emphasized the importance of physical examination and contextual characteristics of patients rather than laboratory results. 15 However, our study showed that classic inflammatory markers were significantly higher in acute appendicitis group than nonappendicitis group. These results might reflect that local inflammation led to induce inflammatory cascade and help to make a decision whether further evaluations or interventions were needed. study has reported that IG% can distinguish perforated appendicitis in pediatric patients but that it has no additional benefit for detecting perforated appendicitis when combined with classic inflammatory markers, including WBC count, a left shift in neutrophils, and CRP. 10 We found in our present series that IG% was significantly elevated in the acute appendicitis group, but we could not actually discriminate a specific cutoff value, because ranges overlapped between the 2 groups. This means that the appendicitis, one of local inflammation, do not induce differentiation or proliferation of IG.
There were several limitations of this study of note. First, we only included clinical suspicion of acute appendicitis based on the medical histories of patients and the findings of laboratory examinations.
Nonspecific symptoms and the normal range of laboratory values may have decreased the clinician's suspicion of acute appendicitis, thus excluding patients without an additional CT scan. However, the clinicians regularly requested patients to revisit the ED whenever their symptoms became aggravated, and no patients revisited during the study period. Second, our population was retrospectively selected in 1 tertiary hospital, and it does not represent the entire population.
Third, diagnosis of acute appendicitis is confirmed by pathologic finding, but in our study, most of local hospitals do not have ability of pathologic confirmation and there is obstacle to obtain exact operation finding from transferred hospital. But there is a previous report that abdominal CT has higher diagnostic value. 11 As the reason, we have to use abdominal CT finding as final diagnosis alternative to pathologic confirmation. Last, we could not incorporate the duration of symptoms, which would affect the severity of symptoms, physical examination, and laboratory data, all of which may impact the physician's decision. Despite these limitations, this study is the first to determine a relationship between IG% and acute appendicitis in adult patients. It was disappointing that there was no correlation between IG% and inflammatory response in acute appendicitis and it remains necessary therefore to find novel markers for this condition.
In summary, IG% is not conclusive as a biomarker for patients with acute appendicitis, and it has no additional benefits over other inflammatory markers. A combination of clinical history data, physical examinations, and laboratory tests is needed to establish a correct diagnosis of appendicitis.
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